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0 This invention involves a cloning or expression 
vector comprising a gene which encodes 5- 
enolpvruvylshikimate-3-phosphate synthase 
(EPSPS) polypeptide which, when expressed in a 
22 plant cell contains a chloroplast transit peptide which 
^allows the polypeptide, or an enzymatically active 
portion thereof, to be transported from the cytoplasm 
'^of the plant cell into a chloroplast in the plant cell, 
and confers a substantial degree of glyphosate resis- 
OOtance upon the plant cell and plants regenerated 
therefrom. 

The EPSPS coding sequence may be ligated to 
Oa strong promoter, such as the 35S promoter from 
1^ cauliflower mosaic virus, to create a chimeric gene. 
LUSuch genes can be inserted into plant transformation 
vectors, and subsequently introduced into plant 
cells. Plant cells transformed using such genes and 
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plants regenerated therefrom have been shown to 
exhibit a substantial degree of glyphosate resistance. 
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^ !,f ^rtion for inhibition of plant growth by glyphosate. One P^"^ e.g.. Amrhein 1980. 

^rsttzy^rSVs-enol'py^^^^^^ 

Stein ucken 1980. Mousdale 1984. and Rubin 1982 lf,!'f''^onversion of shiklmate-3-phosphate into 
aSr the Examp.es,. The ^PSPS enzyme reportej^y^^^^^ --tV^^^rSS 
5-enolpyruvofl-shil<lmate-3-phosphate. an intermediate nt^ Mousdale 1984. Roge s 1983 

aroSc amino acids (tyrosine, P'^«"V'.^'^"'7;,,'^J *Ss^o g^ resistance in those eel s 

reoorts that overproduction of EPSPS m Tlr„hoBate-re^stant bacterial cells by manipulating a 

M^east one researcher has attempted t° .^^Sru S Ta ent 4.M^ 

bac erial gene which encodes an EPSPS enzyme^Asdescnbedm^^^^^^ pf salmonella bacteria was contacted 
cSene. Inc.". filing date January 5, 1983) andin f^^^^^ ^^^'^TnTfoTm o' 

with a mutagen (ethyl •"««hanes"lfonate^ The bacten^ we ^^^^^ to have a °* 

Te atively resistant culture was selected. This ^^"""f^ ^^^^.^^"YggS U. S. Patent 4.635.060 suggested that the 
EPSPS with a substituted amino acid, as reported Stalker 198S. ^ ^^^gigt^nt (GlyR) plant ceHs^ In 

muTrnt EPSPS gene could be inserted into plant selected whi^^ 

SUMMARY OF THE INVENTION .^mnrisino a aene which encodes 5-enolpyruvylshiki- 

mate 3 phosphate synthase (EPSPS) polypeptide ^^^^^^ -ortion thereof, to be transported from 

St peptld'ewhich^liowsthe f^^^^^^^^ confers a substantia, degree of 
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genes which help insert the CaMV/EPSPS gene from pMON546 into plant chromosomes. 

FIGURE 3 indicates the DNA sequence and the amino acid sequence of the chloroplast transit peptide 
from the petunia EPSPS gene and enzyme. ^ x .. . c^kia * 

FIGURE 4 shows the nucleotide, amino acid sequence and restriction map for the full-length cDNA or 

petunia EPSPS. 

FIGURE 5 shows the plasmid map for pMON316. 

FIGURE 6 shows the restriction maps for the EPSPS gene of Petunia and Arabidopsts. 
FIGURE 7 shows the plasmid map for pMON9721. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention embraces a cloning or expression vector which contains a gene which encodes a 
form of EPSPS which can effectively confer glyphosate resistance (GlyR) on plant cells and plants regenerated 
therefrom The EPSPS gene encodes a polypeptide which contains a chloroplast transit peptide (CTP). which 
enables the EPSPS polypeptide (or an active portion thereof) to be transported into a chloroplast mside the 
plant cell Suitable plants for the practice of the present invention include, but are not limited to. soybean, 
cotton alfalfa, canola. flax, tomato, sugar beet, sunflower, potato, tobacco, corn, wheat, rice and lettuce. 

Those skilled in the art recognize that the scientific literature contains numerous papers stating that EPSPS 
activity (shikimic acid pathway) is present both in the chloroplast and in the cytoplasm. Indeed, prior to the 
present invention it was unknown whether the cloned EPSPS would be needed In ^^e cytoplasm or 
chloroplasts in order to confer glyphosate resistance. Contrary, to the teaching of U.S. Patent 4,535.060 it has 
now been found that the EPSPS gene should coatain a chloroplast transit peptide. While chloroplasts contain 
DNA which is believed to be expressed in polypeptides within the chloroplasts. the EPSPS polypeptide is 
encoded by chromosomal DNA rather than chloroplast DNA. The EPSPS gene is transcribed into mRNA in the 
nucleus and the mRNA is translated into a precusor polypeptide (CTP/mature EPSPS) in the cytoplasm. The 
orecusor polypeptide (or a portion thereof) is transported into the chloroplast. 

Promoters which are known or found to cause transcription of the EPSPS gene in plant cells can be used in 
the present invention. Such promoters may be obtained from plants or viruses and include, but are not 
necessarily limited to. the 35S and 19S promoters of cauliflower mosaic virus and promoters isolated from 
plant genes such as EPSPS. ssRUBISCO genes and promoters obtained from T-DNA genes of Agrobactenum 
tumefaciens such as nopaline and mannopine synthases. The particular promoter selected should be capable 
of causing sufficient expression to result in the production of an effective amount of EPSPS polypeptide to 
render the plant cells and plants regenerated therefrom substantially resistant to glyphosate. Those skilled in 
the art will recognize that the amount of EPSPS polypeptide needed to Induce resistance may vary with the 
type of plant. The degree of expression needed may vary with the EPSPS coding sequence used. A mutant 
EPSPS may require lower expression than a less-tolerant wild-type EPSPS sequence. 

The CaMV 35S promoter is stronger than the natural EPSPS promoter in at least some types of plants. Le. it 
causes the formation of larger quantities of mRNA from chimeric genes compared to the natural EPSPS 
promoter The high strength of the chimeric CaMV 35S/EPSPS gene is of great value in using the EPSPS gene 
as a selectable marker in the laboratory. However, when a chimeric gene is used to transform regenerated 
plants for food production, the level of production of EPSPS enzyme may be undesirably high, since it diverts 
nucleotides, amino acids, and substrates away from other desired biochemical pathways in the cells. 
Therefore to create a chimeric gene with the optimal level of expression of EPSPS it may be desirable to 
diminish the strength of the chimeric CaMV 35S/EPSPS gene. This can be done by various methods such as 
(1) random or site-specific mutagenesis of the region prior to the transcription start site: (2) insertion of a 
transcription terminator in the 5' non-translated region of the gene; (3) insertion of a spurious start codon in 
front of the EPSPS start codon; or (4) insertion of a coding sequence with a start codon and a stop codon in 
front of the EPSPS start codon. to create a dicistronic coding sequence. 

The promoters used in the EPSPS genes of this invention may be further modified if desired to alter their 
expression characteristics. For example, the CaMV 35S promoter may be ligated to the portion of the 
ssRUBISCO gene which represses the expression of ssRUBISCO in the absence of light, to create a promoter 
which is active in leaves but not in roots. The resulting chimeric promoter may be used as described herein. As 
used herein, the phrase XaMV 35S' promoter includes variations of CaMV 35S promoter, e.g.. promoters 
derived by means of ligation with operator regions, random or controlled mutagenesis, etc. 

The RNA produced by the EPSPS gene also contains a 5' non-translated leader sequence. This sequence 
may be derived from any gene and may be speciflcally modified so as to Increase translation of the mRNA. The 
5- non-translated regions may be derived from viral RNAs, other suitable eukaryotic genes or a synthetic gene 
sequence. It may be part of the 5' end of the non-translated region of the coding sequence for the EPSPS 
polypeptide or derived from an unrelated promoter or coding sequence as discussed above. 

The EPSPS gene of the present invention encodes an CTP/EPSPS fusion polypeptide. After the CTP/EPSPS 
polypeptide from a gene of this invention is translated from mRNA in the cytoplasm of the transformed plant 
cell it is believed to be processed in the same manner as the natural EPSPS polypeptide. The CTP leader 
sequence causes the polypeptide to be imported into chloroplasts, and the CTP leader sequence encoded by 
the plant-derived EPSPS gene Is believed to be removed from the remainder of the polypeptide so that an 
active portion of the EPSPS polypeptide exists and functions inside the chloroplast. 
Suitable OTP's for use in the present invention may be obtained from various sources. Most preferably, the 
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,0 Examples 1 and 14-17. ,„,,o«,inQ description are shown in conventional format wherein the 

All peptide structures represented in the fo low ng descnpi^^ C-terminus at the right. 

ammo group at the N-terminus appears to '^' ^^^^JJ^.^t^^ found in protein is as follows: 
Likewise, amino acid nomenclature for ""^o^rdnL (Arg.R). cysteine (Cys.C). glutamic acid 

alanine tAla:A). asparagine (Asn;N) «part.c acid (As^^^^^^^^ ^^^^^ jLeu.L). lysine (Lys;K). 

,Glu;E). glutamine(Gln;Q). glycine (Gly,G) hist jn^^^ ^ ^^^^^^ ^r;T). tryptophan 

methionine (Mef.M). phenylalanine (Phe:F proline (Pro.P), 

(Tro W) tyrosine (Tyr:Y), and valine (Val;V). PPSPS may be made by a vanety of 

' those Skilled in the art will recognize t^at mutant and vanant '^J^^^ to alte? one or more amino acid 
processes. For example, cloning or expression vectors -"^^^^^ ^y subiecting the host cells to 

residues in a EPSPS protein. This may be done on a ^a'^.J^^ "^^j^'^ig^ Jby means involving an exact 
mutagenic agents such as ><-«y=- "''^^^r^reice Aherna e^ 

predicted substitution of bases in a DNA ^^^^^f ""^^f |p|;^^^^ increased resistance to glyphosate. 

bacteria and fungi or a plant source having ^^"""'^"^^^^^^^^^^ Jch functions In plants to cause the 
The 3- non-translated region contains ^ Po^adenylation signa^ cases where the EPSPS sequence 
,5 addition of polyadenylate nucleotides to the 3^ end o^ ^ed regl" "Irally associated with the particular 
is derived from a plant source one '^^^ -I'^^J. "^^a^^^^^^^^ non-translated regions containing 

^ S Jtable plant transformation vectors include ^-^-v^^^^^^^ 'Sl^ft^EPO^^^^^^ 
well as those described in. e.g. HerreraEstreHa im Beva^^^^^^^^ ^, „ rootinducing R.) 

(Schilperoort et al.). In addition to plant transfofmatK^n vecto s de^^ 
Usm^sofAgrobacterium-alterna^ 

plant cens.S-UHMHiih5dili^ay involve, for e^^^^^^ EPSPS gene rr.ay be 

fn^eS- tn^^rsolT^a ^a^"— u^^ as repeating the transformation and se.eCon 
«er S encode an en.me .th -unctior^^^^^^^^^^ P^ept^e (which . .efe.^ 

removed from the mature EPSPS polypeptide) ^'^^ P^^f^^"^^^^^^^^^ 

methotrexate, or hygromycin resistance genes) transformed with EPSPS genes can be 

in addition, glyphosate-resistant plant cells that have o supplemented with selected 

regenerated into differentiated plants "«"9/*^"^^Lt TsS^^^ 
Shoot-inducing or root-inducing hormones, using methods descnoeo 

known to those skilled in the art .h^.-n,:-, d-oree of glyphosate resistance upon a plant cell tf it 

As used herein, a EPSPS gene "confers a substantial degree ^ gw concentration of glyphosate 

allows a selectable fraction of a f ^^VVli^foTtSSl Spe o^^^^^^^^ under the same conditions, 
which kills essentially all untransformed ""s^J^.*^^!*;* f^^Y RNA molecule that is capab^ of 

.eptS^ iJr r S^S: v;rsL.ude .asmlds. cosmld. .ral ONA or RNA. 

nreX^n^-Sicatedfrom-ln^^^^^^^^^^^^ 

well as replication directly from plant DNA o"^"^^^^^^^'* ^'"g p^^blished or determined experimentally, 
method of Adams 1983) using « sequence of bases that s^^^^^^^^ 

The following examples further ^enionstrate several pre erred em^^ ^ .^^^ ^^^^^ 5^^^ equivalents 
.n the art will recognize numerous equivalents to the specific emooaim 

. ... ...uu:» «Ua e#>nno nf the C ailTlS. 



35 



40 



45 



50 



55 



60 



65 



in me an will rei^uyi ^i-imc 

are intended to be within the scope of the claims. 
EXAMPLES 



4 



0 218 571 



EXAMPLE 1: CREATION OF EPSPS VECTORS . 

A. Creation of MP4-G Cell Line 

The starting cell line, designated as the MP4 line, was derived from a Mitchell diploid petunia (see. e.g.. 
Ausubel 1980). The MP4 cells were suspended in Murashige and Skoog (MS) culture media. (GIBCO. Grand 5 
Island. N. Y.) All transfer involved the transfer of 10 ml of suspension culture into 50 ml of fresh media. 
Cultivation periods until the next transfer ranged from 10 to 14 days, and were based on visual indications that 
the culture was approaching saturation. 

Approximately 10 ml of saturated suspension culture (containing about 5 x 10^ cells were transferred into 50 
ml of MS media containing 0.5 mM glyphosate (Monsanto Agric. Products Co., St. Louis. Missouri). The to 
sodium salt of glyphosate was used throughout the experiments described herein. The large majority of cells 
were unable to reproduce in the presence of the glyphosate. The cells which survived (estimated to be less 
than 10/0 of the starting population) were cultured in 0.5 mM glyphosate and transferred to fresh media 
containing glyphosate every 10 to 14 days. 

After two transfers, the surviving cells were transferred into fresh media containing 1 .0 mM glyphosate. After iS 
two transfers at 1.0 mM. the surviving cells were transferred sequentially into 2.5 mM glyphosate. 5.0 mM 
glyphosate. and 10 mM glyphosate. 

The MP4-G cells were subsequently shown (by a Southern blot) to have about 15-20 copies of the EPSPS 
gene, due to a genetic process called "gene amplification" (see, e.g.. Schimke 1982), Although spontaneous 
mutations might have occurred during the replication of any cell, there is no indication that any mutation or 20 
other modification of the EPSPS gene occurred during the gene amplification process. The only known 
difference between the MP4 and the MP4-G cells is that the MP4-G cells contain multiple copies of an EPSPS 
gene and possibly other genes located near it on the chromosomes of the cells. 

B. Purification and Sequencing of EPSPS Enzyme 

Petunia cells from the MP4'G cell line were harvested by vacuum filtration, frozen under liquid N2. and 
ground to a powder in a Waring blender. The powder was suspended into 0.2 M tris-HCI, pH 7.8, containing 1 
mM EDTA and 7.50/o w/v polyvinyl-polypynrolidone. The suspension was centrifuged at about 20,000 G for 10 
min to remove cell debris. Nucleic acids were precipitated from the supernatant by addition of 0.1 volume of 
1.40/b protamine sulfate and discarded. 

The crude protein suspension was purified by five sequential steps (see Mousdale 1984 and Steinrucken 
1985) which involved: (1) ammonium sulfate precipitation: (2) diethylaminoethyl cellulose Ion exchange 
chromatography: (3) hydroxyapatite chromatography: (4) sizing on a phenylagarose gel: and (5) sizing on a 
Sephacryl S-2(X) gel. 

The purified EPSPS polypeptide was degraded into a series of individual amino acids by Edman degradation 3S 
by a Model 470A Protein Sequencer (Applied Biosystems Inc.. Foster City, CA). using the methods described 
in Hunkapitler 1983a. Each amino acid derivative was analyzed by reverse phase high performance liquid 
chromatography, as described by Hunkapiller 1983b. using a cyanopropyl column with over 22.000 theoretical 
plates (IBM Instruments. Wallingford CT). A partial amino acid sequence for petunia EPSPS is shown in Table 
1. 
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TABLE 1 
PETUNIA EPSPS SEQUENCES 

8 9 ' 10 11 12 13 

Amino acid: Gin Pro lie Lys Glu He 

mRNA strand: 5'-CAP CCN AUU GAP CAP AUU 



C 
A 



C 
A 



Complementary 

DNA strand: 3' -GTQ GGN TAA TTQ CTQ TAA 



G 
0 



G 
U 



Synthetic DNA Probes: 



EPSPl: 


3* -GTQ 


GGP 


TAP 


TTQ 


CTQ 


TA 


EPSP2: 


3* -GTQ 


GGQ 


TAP 


TTQ 


CTQ 


TA 


EPSP3: 


3* -GTQ 


GGN 


TAT 


TTQ 


CTQ 


TA 



Exact mRNA Sequence: 

5'-CAA CCC AUU AAA GAG AUU 



using the genetic cod e, the amino acid sequence Indicated in Table 1 was used to determine the poss ble 
DNA codons which are capable of coding for each indicated amino acid^ Usmg th.s f "^^JJ^ 

probe mixtures were created and designated as EPSP-1. EPSP-2 and EPSP-3 as shown in Tab^^J^^^^^ 
table. A. T. U. C, and G represent the nucleotide bases: adenine thymine. ^r? O r^Dr^^^^^^ 

letters P. Q. and N are variables; N represents any of the bases; P represents punnes (A or G). Q represents 

"^ArSiSSucUidesSeresynth 

Dosition (P Q or N) was reached, a mixture of appropriate nucleotides was added to the reaction ™xture 
S^ots were°abeled 20 pmol at a time shortly before use -tb 100 "Ci y-P WTP (Ar.e^^^^^^^ 
polynucleotide kinase in 50 mM Tris-HCI. pH 7.5. 10 mM MgClz. 5 mM DTT. '^-^^^^^^;,.^73°J 
Spermidine. After incubation for 1 hr at 37-C. the probes were repurified on e-ther a ^Vo ^?njam de^3 M urea 
gel or by passage over a 5 ml column of Sephadex 625 in 0.1 M NaCI. 10 mM Tns-HCI. pH 7.5. 1 mM EDTA. 

D. Preparation of mRNA and Preliminary Testing of Probes 

•'Vo^a'l RNrwas\ola.ed from the MP4 (glyphosate sensitive) and f ^"^ <f ^itu'sl^oTrk's^^^^^^^^^ ly 
described by Goldberg 1981. Total RNA was further sedimented through a ^sCI cushion M d^cr^bed^ 
Depicker 1982. Poly- A mRNA was selected by oligo-dT cellulose chromatography. The yield of poly A RNA 
was 1.1 micrograms Ijig) per gram of MP4 ceHs and 2.5 |ig/gm of MP4-G cells. 

" ''T'n1.r:rporAVr.ltheMP4orM^ 

X MOpI buner (20 mM morpholino propane sulfonic acid. pH 7.0. 5 mM sodium ^ll'^^^lf'T^^l^^.o'^^ 
8 0) containing 500/o tormamlde and 2.2 M formaldehyde. RNA was denatured by heating at M C for 1^0 m^^ 
One-f«th volume of a loading buffer containing 500/o glycerol. 1 mM EDTA. 0.40* '';«"'°P^'f"°' 'l'",^^^^^^^ 

6S xylene cyanol was then added. RNA was fractionated on a 1 .3<Vo agarose gel containing 1 .1 M formaldehyde 
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until bromophenol blue was near the bottom. Haelll-digested <DX174 DNA, labelled with 32p^ was run as a size 
standard. The DNA markers indicated approximate sizes for the RNA bands. 

(c) Transfer of RNA to Nitrocellulose 

RNA was transferred to nitrocellulose (#BA85. Schleicher & Schuell, Keene, NH) by blotting the gels 5 
overnight using 20X SSC (IX SSC is 0.15 M NaCI, 0.015 M sodium citrate, pH 7.0) as the transfer buffer. After 
transfer, filters were air-dried and baked in a vacuum oven for 2-3 hrs at 80* C. 

(d) Preliminary Hybridization with Radioactive Probes 

Filters were prehybridized in 6 x SSC. 10 x Denhardt's solution (1 x Oenhardfs solution is 0.020/o ficoll. 10 
0.02% polyvinylpyrrolidone. 0.020/o bovine serum albumin). 0.50/o NP-40, and 200 ug/ml E. coli transfer RNA at 
50*'C for 4 hrs. Hybridization was carried out in the fresh solution containing 2 x 10^ cpm/ml of either EPSP-1 
or EPSP-2 probe for 48 hrs at 32"* C. The EPSP-3 probe was not tested since it contained a codon (ATA) that is 
rarely used in the petunia genome. Hybridization temperature (32° C) used in each case was 10' C below the 
dissociation temperature (Td) calculated for the oligonucleotide with the lowest GC content in a mixture. The is 
Td of the probe was approximated by the formula 2**C x (A + T) + 4' C x (G + C). 

(e) Filter Washing 

The filters were washed twice for 15-20 min at room temperature in 6 x SSC and then for 5 min at 37 C with 
gentle shaking. Filters were then wrapped in plastic film and autoradiographed for 12-14 hrs at -70'' C with two 20 
intensifying screens. The filters were then washed again for 5 min with gentle shaking at a temperature 5*- C 
higher than previously used. The filters were autoradiographed again for 12-14 hrs. The autoradiographs 
indicated that the probe EPSP-1 hybridized to an RNA of approximately 1.9 kb in the lane containing the poly- A 
RNA from the MP4-G cell line. No hybridization to this RNA was detected in the lane containing the poly-A RNA 
from the MP4 ceil line. This result was attributed to overproduction of EPSPS mRNA by the MP4-G cell line. 25 
The probe EPSP-2. which differs from EPSP-1 by a single nucleotide, showed barely detectable hybridization 
to the 1.9 kb mRNA of the MP4-G cell line but hybridized strongly to a 1.0 kb mRNA from both cell lines. 
However, the 1.0 kb DNA was not sufficient to encode a polypeptide of 50.000 daltons. and it is believed that 
one of the sequences in the EPSP-2 probe hybridized to an entirely different sequence in the library. These 
results suggested that degenerate probe mixture EPSP-1 contained the correct sequence for EPSPS. This 30 
mixture was used in all subsequent degenerate probe hybridization experiments. 

E. Preparation of Xgt 10 cDNA library 

(a) Materials Used 35 
AMV reverse transcriptase was purchased from Seikagaku America, Inc., St. Petersburg. Florida: the large 

fragment of DNA polymerase I (Klenow poly merase) was from New England Nuclear. Boston. MA; SI nuclease 
and tRNA were from Sigma; AcA 34 column bed resin was from LKB, Gaithersburg, MD; EcoRI, EcoRI 
methylase and EcoRI linkers were from New England Biolabs. Beverly MA; RNasin (ribonuclease inhibitor) was 
from Promega Biotech. Madison, Wise, and all radioactive compounds were from Amersham, Ariington Hts.. ^0 
IL 

The XgtIO vector (ATCC No. 40179) and associated E. coli cell lines were supplied by Thanh Huynh and 
Ronald Davis at Stanford University Medical School (see Huynh 1985). This vector has three important 
characteristics: (1) it has a unique EcoRI insertion site, which avoids the need to remove a center portion of 
DNA from the phage DNA before inserting new DNA; (2) DNA ranging in size from zero to about 8.000 bases -^5 
can be cloned using this vector; and. (3) a library can be processed using E. coli MAI 50 celts (ATCC 
No. 53104) to remove clones which do not have DNA inserts. 

(b) cDNA First Strand Synthesis 

Poly-A mRNA was prepared as described in Example 1 .D.a. and resuspended in 50 mM Tris (pH 8.5). 10 mM ^ 
MgCl2, 4 mM DTT, 40 mM KOI, 500 ^M of d(AGCT)TP, 10 \ig/m\ dTi2 i8 primer, and 27.5 units/ml RNasin. In a 
120 ^1 reaction volume, 70 units reverse transcriptase were added per 5 \ig of poly-A RNA. One reaction tube 
contained a-^^P-dCTP (5 uCi/120 ^l reaction) to allow monitoring of cDNA size and yield and to provide a first 
strand label to monitor later reactions. In order to disrupt mRNA secondary structure. mRNA in H20 was 
incubated at 70''C for 3 min and the tube was chilled on ice. Reverse transcriptase was added and the cDNA 
synthesis was carried out at 42" C for 60 min. The reaction was terminated by the addition of EDTA to 50 mM. 
cDNA yield was monitored by TCA precipitations of samples removed at the start of the reaction and after 60 
min. Following cDNA synthesis, the cDNA existed as a cDNA-RNA hybrid. The cDNA-RNA hybrid was 
denatured by heating the mixture in a boiling water bath for 1.5 min. and cooled on ice. 

60 

(c) Second Strand DNA Synthesis 

Single-stranded cDNA was allowed to self-prime for second strand synthesis. Both Klenow polymerase and 
reverse transcriptase were used to convert ss cDNA to ds cDNA. Klenow polymerase is employed first since 
its 3*-5* exonuciease repair function is believed to be able to digest non-flush DNA ends generated by 
self-priming and can then extend these flush ends with its polymerase activity. Reverse transcriptase is used in ^5 



7 



0 218 571 



20 



addition to Klenow polymerase, because reverse transcriptase is believed to be less l<e^ to stop prema ure J 
once it has bound to a template strand. The Klenow polymerase reaction was a hnaMOO volume exdud.ng 
enzyme. The reaction mix included 50 mM HEPES. pH 6.9. 10 mM MgClz. 50 mM KCI, KX) j.M of each dNTP and 
cDNA. To begin the reaction. 20 to 40 units of Klenow polymerase (usually less than 5 jil) ^'e;* ^^^^ed and the 
lubes incubated at 15 C for 5 hrs. The reaction was terminated by the addition of EDTA to 50 mM. The mix was 
extracted with phenol and the nucleic acids were precipitated, centnfuged and dried. .^^^^^ „ 

The reverse transcriptase reaction to further extend the anti-complementary DNA strand was Performed as 
described for the reaction to originally synthesize cDNA. except dT.o-is primer and "^asin were absent and 
32 units of reverse transcriptase were used in a 120 m reaction. The reaction was f "^^^^"^ „^ Vj.':^^^^^^^^ 
EDTA to 50 mM. The mixture was extracted with an equal volume of phenol and the nucleic acid was 
precipitated, centrifuged and dried. 

" 2S TST's^tTJit X SI buffer is 30 mM sodium acetate. pH 4.4, 250 mM NaCI. 1 mM ZnCI^). 175 , 1 of 
H3O a d 525 unL of SI nuclease were added to the tubes containing 125 ^ of the f ^"•^^^.^^^f^^^^^^^^ 
reaction product. The tubes were incubated at 37' C for 30 min and the reaction was termmted by addition of 
EdS to 50 mM The mixture was extracted with an equal volume of phenol/chloroform (. -^^ Jha «|U^^^^ 
phase was extracted with ether to remove residual phenol. The DNA was precipitated with ethanol and air 
dried. 

'^ksrdTcSs"^^ 

internal EcoRl restriction sites. It was desired to protect such cleavage sites from EcoRI deavage^ to enaWe 
the use of blunt-ended EcoRI linkers which were subsequently cleaved with EcoRI to create cohesive 

°^ran So^ undesired cleavage of interna. EcoRI sites the 

EcoRI methylase. DNA pellets were dissolved in 40 ul of 50 mM Tris pH 7.5, 1 '"^ EDTA, 5 n,M ^^^^^^^ 0 
100 uM S-adenosyl-L-methionine and 2 ul (80 units) of EcoRI methylase were added. Tubes were incubated at 
37 C for 15 min and then at 70'-C for 10 minutes to kill the methylase. „.,.^^o«f„i « 

It was subsequently discovered that the methylation reaction described below was ""successfu in 
preventing EcoRI cleavage at an internal site within the EPSPS coding region, apparen ^ because of inactr^e 
methvlase reaqent The cleavage of the internal EcoRI site required additional steps to isolate a full-length 
cDnT as deSed below. tI avoid those additional steps if another librae ^^^^^'^^'JJrfrTol'^r^^ 
reagents and reaction conditions should be used simultaneously on the cDNA and on oontrol frag-^^^^^^^ 
DNA. and protection of the control fragments should be confirmed by EcoRI digestion before digestion is 
performed on the cDNA. 

(f) DNA Polymerase 1 Fill-in Reaction j = 1 «« n < m moPU Sniof 

To the tube containing 45 ^1 of cONA (prepared as described above) were added 5 of 0.1 ^ MgCla. 5 ^^of 
0.2 mM d(ACGT)TP and 10 units of DNA polymerase I. The tube was incubated at room '"JP^^^'""^ '^^^^ 
The reaction was terminated by the addition of EDTA to 25 mM. One microgram of uncut XgtIO DNA «^ ^dd^J 
as eerier and the mix was extracted with phenol/chloroform (1 .1 ). The nucleic acid in the -"'f .«as preciprtat^^^ 
^th phenol/Chloroform (1 The nucleic acid in the mix was precipitated with ethanol. centnfuged and dned. 

45 (gi Ugation of EcoRI Linkers to Methylated ds cDNA ^ q ,„«onmMTri« nHBO 

^ Approximately 400 pmoles of EcoRI linkers {5'CGGAATTCCG3') were dissolved ,n.9 °< 20 mM Tns^p^^^^^^^^ 
10 r^M MgCl. 10 mM DTT containing 50 uCI of a-32p-ATP (5000 Ci/mmole) and 2 units of ^4 Polynucleo^de 
kinase. The oligonucleotides were incubated at 37X for 30 minutes to allow them to ^""f ^' ^°^^^;p°i^;;^ 
creating double-stranded, blunt-ended linkers. 2 units of T4 polynucleotide kinase a"d I ^1 oMO rnM ATP ^ 

50 added Ind incubated at 37' C for an additional 30 min. The linkers were stored at -2° ^Jhe m Jhy^^^^^^^^^ 
pellet was resuspended in tubes containing 400 pmoles of the kinased '""kers. Ugation of the Eco^^^^^ 
the methylated DNA was carried out by adding 1 ul of T4 ligase and incubating the reaction mixture at 12-14 c 
for 2 days. 

55 (h) Digestion with EcoRI to Create Cohesive Termini cn Tri« nw 7 ^ 1Q 

To 11 ul of the reaction product from Example 1.E.(g), 10 ^1 of a hI!^^^^^ 
mM MgSO*. 200 mM NaCI were added. T4 DNA ligase was heat inactivated by incubation at 70 C to 10 min^ 
Forty units of EcoRI were added and the incubation was carried out at 37' C for 3 hr. The -^a^^ion was 
terrrXnated by addition of EDTA to 50 mM. The sample was clarified by centrifugation and applied to an AcA 34 
column. 

^';:e^iLr:rt™^^^^ 

them from interfering with the insertion of the desired ds cDNAs into the cloning J^°^^ .^^f^ ^^^^L"/'" 
65 mixture of acrylamide and agarose beads, normally used for sizing) preswollen in 2 mM citrate buffer and 
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0.040/0 sodium azide in water, was added to the 1 ml mark of a 1 ml plastic syringe plugged with glass wool. The 
column was equilibrated with 10 mM Tris-HCI pH 7.5, 1 mM EDTA. 400 mM NaCI. The ds cDNA mixtures with 
ligated linkers and free linkers ( -45 ul) was brought to 400 mM NaCI. 1 ^il of 0.5o/o bromophenol blue dye 
(BPB) was added, and the sample was applied to the column which was run in equilibration buffer at room 
temperature. Ten 200 ^1 fractions were collected. The BPB dye normally eluted from the column in the sixth 
tube or later. Tubes 1 and 2 were combined and used as the source of ds cDNA for cloning. 

(j) Assembly of XgtIO clones 

The ds cDNA was mixed with 1 ug of EcoRt-cut Xgt10 DNA. precipitated with ethanol. and centrifuged. After 
washing the pellet once with 700/o ethanol. the DNA pellet was air dried and resuspended in 4.5 ul of 10 mK/i io 
Tris-HCI pH 7.5. 10 mM MgCIa, 50 mM NaCI. To anneal and tigate the cDNA inserts to the left and right arms of 
the XgtIO DNA. the mixture was heated at 70 C for 3 min., then at 50° C for 15 min. The mixture was chilled on 
ice. and 0.5 ul each of 10 mM ATP. 0.1 M DTT. and sufficient T4 DNA ligase to ensure at least 900/o completion 
were added! The reaction was incubated at 14*" C overnight, which allowed the insertion of the ds cDNA into 
the EcoRI site of the XgtIO DNA. The resulting DNA was packaged Into phage particles in vitro using the ;5 
method described by Scherer 1981. 

(k) Removal of Phages Without Inserts 

Insertion of a cDNA into the EcoRI site of XgtIO results in inactivation of the CI gene. XgtIO phages with 
inactivated CI genes (i.e., with inserts) replicate normally in E. coli MA150 cells. By contrast, ^.gtlO phages 20 
without inserts are unable to replicate in the MAI 50 strain of E. coli . This provides a method of removing XglO 
clones which do not have inserts. 

The phages in the library were first replicated in E. coli C600 (M+R-) cells which modified the XgtIO DNA to 
protect it from the E. coli MAI 50 restriction system. A relatively small number of E. coli C600 cells were 
infected and then plated with a 20 fold excess of MAI 50 (M + R-) cells. The primary infection thus occurred in 
the M + R- cells where all the phages will grow, but successive rounds of replication occurred in the MAI 50 
cells which prevented the replication of phages without inserts. The amplified phage library was collected from 
the plates, and after removal of agar and other contaminants by centrifugation, the recombinant phages were 
ready to use in screening experiments. 



F. Screening of cDNA Library; Selection of pMON9531 

Approximately 6000 phages (each plate) were spread on 10 cm x 10 cm square plates of solid NZY agar 
(Maniatis 1982) with 0.70/o agarose. A translucent lawn of E. coli MAI 50 cells was growing on the plates. Areas 
where the phages infected and killed the E. coli cells were indicated by clear areas called "plaques", which 
were visible against the lawn of bacteria after an overnight incubation of the plates at 37'' C. Six plates were 
prepared in this manner. The plaques were pressed against pre-cut nitrocellulose filters for about 30 min. This 
formed a symmetrical replica of the plaques. To affix the phage DNA, the filters were treated with 0.5 M NaOH 
and 2.5 M NaCI for 5 min. The filters were then treated sequentially with 1.0 M Tris-HCI. pH 7.5 and 0.5 M 
Tris-HCI. pH 7.5 containing 2.5 M NaCI to neutralize the NaOH. They were then soaked in chloroform to remove 
bacterial debris. They were then air-dried and baked under a vacuum at 80' C for 2 hr. and allowed to cool to 
room temperature. The filters were then hybridized With 32p-iabelled EPSP-1 probe (2 x 10^ cpm/filter) as 
described in Example 1.D(e). After 48 hr of hybridization, the filters were washed in 6 x SSC at room 
temperature twice for 20 min and then at 37'' C for 5 min. These washes removed non-specifically bound probe 
molecules, while probe molecules with the exact corresponding sequence (which was unknown at the time) 
remained bound to the phage DNA on the filter. The filters were analyzed by autoradiography after the final 
wash. After the first screening step, seven positively hybridizing signals appeared as black spots on the 
autoradiograms. These plaques were removed from the plates and replated on the fresh plates at a density of 
100-200 plaques/plate. These plates were screened using the procedure described above. Four positively 
hybridizing phages were selected. DNA was isolated from each of these four clones and digested with EcoRI 
to determine the sizes of the cDNA inserts. The clone containing the largest cDNA insert, approximately 330 
bp. was selected, and designated XE3. The cDNA insert from \E3 was inserted into plasmid pUC9 (Vieira 
1981), and the resulting plasmid was designated pMON9531. 

To provide confirmation that the pMON9531 clone contained the desired EPSPS sequence, the insert was 
removed from the pMON9531 clone by digestion with EcoRI. This DNA fragment was then sequenced by the 
chemical degradation method of Maxam 1977. The amino acid sequence deduced from the nucleotide 
sequence corresponded to the EPSPS partial amino acid sequence shown in Table 1 

G. Creation of XF7 Genomic DNA Clone 

In order to obtain the entire EPSPS gene, chromosomal DNA from the MP4-G cells line was digested with 
BamHI and cloned into a phage vector to create a library, which was screened using the partial EPSPS 
sequence from pMON9531 as a probe. 
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(a) Preparation of MP4-G Chromosomal DNA Fragments -.^^^^^ 
MG4-G cells were frozen and pulverized in a mortar with crushed glass in the presence Of ''q"';! "'^'^aen. 
The powdered cells were mixed with 8 ml/g of cold lysis buffer containing 8.0M urea 0.35 M NaC . a05M 
TrIs-HCLIoH 7 5) 0.02 M EDTA. 2P/o sarkosyl and 50/o phenol. The mixture was stirred with a glass rod to break 
up large clumps. An equal volume of a 3.1 mixture of phenol and chloroform containing 50^ isoamyl atoohol 
was added. Sodium dodecyl sulfate (SDS) was added to a final concentration of O.SO/o. The m.xture was sw.rled 
on a rotating platform for 10-15 minutes at room temperature. The phases were separated by centrifugal on at 
6 000 X g for 15 minutes. The phenol/chloroform extraction was repeated. Sodium acetate was added to the 
aqueous phase to a final concentration of 0.15 M and the DNA was precipitated with ethanol. The DNA was 
collected by centrlfugation. dissolved inl x TE (lOmM Tris-HCI. pH 8.0. 1 mM EDTA) and banded n a 
CsCI-ethidium bromide gradient. The DNA was collected by puncturing the side Jj^auge 
needle The ethidium bromide was extracted with CsCl-saturated isopropanol. and the DNA was dialyzed 
extensively aqainst 1 x TE. Approximately 400 ng of DNA was Isolated from 12 g of cells. 

MP4 G Chromosomal DNA ,10 ug) was digested to completion with 30 unrts of Ba„,H, a butter containin^^ 
10 mM Tris. pH 7.8. 1 mM DTT. lOmM MgClj, 50 mM NaCI for 2 hours at 37'C. The DNA was extracted wrth 
pheZl followed by extraction with chloroform and precipitated with ethanol. The DNA fragments were 
suspended in 1 x TE at a concentration of 0.5 ng/nl. 

lb) Cloning of MP4-G Chromosomal DNA Fragments in XMG14 e^u„„, 

DNA from phage ;iMG14 (obtained from Dr. Maynard Olson of the Washington Unr.ers,ty School of 
Mec^<?ne sT. Loufs. Missouri, was prepared by the method described in ^ff^'^fi'^'^l^^^ 
digested to completion with BamHI in a buffer containing lOmM Tns-HCl, pH 7.8. 1 rnM DTT. 1° "^^ ^gClz^ 50 
mM Nad. The completion of the digest was checked by electrophoresis through O.SVo agarose O^l- The phage 
Sna was then extracted twice with phenol-chloroform-isoamyl alcohol (25:24:1) and P^e«^'P«»«f « * 
.5 The DNA was resuspended in 1 x TE at a concentration of 150 MgC a v«s a^^^^^^^^^^ 

incubated at 42= C for 1 hr to allow XM cohesive ends of )J3NA to reanneai. Annealing was checked by agarose 

n.?eraralTDNA was layered over a 38 ml ,10-400/o. w/v, sucrose Oradient In a Beckjjn SW^^^ 
ultracentrif uge tube. The gradient solutions were prepared In a buffer containing 1 ^ NaC 20 mM T^^^^^^^ pH 
JO 8 0) 5 mM EDTA. 75 ug of DNA was loaded onto each gradient. The samples were centrifuged at 26.0(30 rpm 
?or 24 hours at 1 5 C In a Beckman SW 27 rotor. Fractions (0.5 ml) were collected from the top o^^-^n^^^e 
tube and analyzed for the presence of DNA by gel electrophoresis. The fractions '^""^^^"ajhe anneale^^^^^^^^ 
and right arms of XDNA were pooled together, dialyzed against ''^^^^ ^"^^^'-P'^^^^^^'^^;*^ P^"^' '^f 
was washed with 700/o ethanol and dried. The DNA was dissolved in TE at a concentration o< 500 ^gAn"^ 
JS The purified arms of the vector DNA and the BamHI fragments of MP4-G DNAwere mixed at a mo^r ratio of 
4 1 and 2:1 and llgated using TfDNA llgase in a llgase buffer containing 66 mM Tris-HO, pH 7.5 5 ^M MgCl 5 
mM DTT and 1 mM ATP. Ligations was carried out overnight at 15»C. Ligation was checked by ag^^^^e ^el 
eletrophoresls. Llgated phase DNA carrying inserts of MP4-GDNA were packaged into phage capsids £^ 
using commercial^ available packaging extracts (Promega Biotech. Madison. Wl). Pf f^^S^^atllv ^ 
^ plated on 10 cm x 10 cm square plates of NZY agar In 0.70/o agarose at a density of fP °'^"^^!^'yJ°J° 
Saques per plate using E. colfcSOO cells. After overnight incubation at 3r C. the plaques had formed, and the 
pJes were removed frofJuTe incubator and chilled at 4 C for at least an hour^ JJe agar plates were P es^«J 
against nitrocellulose filters for 30 minutes to transfer phages to the filters, and the Pl^f 9^ DNA was aff ixe^ to 
the filters as described previously. Each filter was hybridized for 40 hours at 42 C with approx.rnately x 
.5 06 cpm/filter of the 330 bp cDNA Insert Isolated from the pMON9531 clone, which "I^J^e tq oi 

using the procedure described in Manlatis 1982. The specific activity ° ^►^%P~^?;r*= 2-3 x ^ 
DNA Hyb^dization was carried out in a solution containing 500* formamide. 5 x ^C. 5 x Denhardt s solu^on. 
200 ug/ml tRNA and 0.|0/o SDS. Filters were washed in 1 x SSC, 0.2% SDS at 50X and au 09«P;«^. 
Several positive signals were observed, and matched with plaques on the corresponding P'^'e^]^* ^^'f^^ 
plaques were lifted suspended in SM buffer, and plated on NYZ agar. The replica plate screening process ««s 
repeated at lower densities until all the plaques on the plates showed positive signals. One isolate was 
selected for further analysis and was designated as the XF7 phage clone. 

with a nick translated EPSPS sequence from pMON9531 in a Southern blot P^o<=sd"^«J.'^'!'";"i^^ '^^.^^ 
complementary sequence from XF7 was on a 4.8 kb Bglll fragment. This fragment -nserted into p as^^^^ 
pUC9 (Vieira 1982). replicated, nick translated, and used to probe the petunia cDNA library, "smg hybrirtza^on 
conditions as described in Example 1 .G. using 10^ cpm per filter. A cONA clone with a sequence that bound to 

60 the /.F7 sequence was identified, and designated as pMON9543. 

DNA sequence analysis iMaxam 1977) indicated that pMON9543 did not contain the stop codon or the3 
non-translated region of the EPSPS gene. Therefore, the EPSPS sequence was ^^^^f J JJ"^ P^'JJ'.J^^ 
nick translated, and used as a probe to screen the cDNA library again. A clone w^ ^h h^ndized with he 
EPSPS sequence was identified and designated as pMON9556. DNA sequence analysis '"d'cated hat the 
insert In this clone contained the entire 3' region of the EPSPS gene, including a polyadenylated tail. The 5 
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EcoRI end of this insert matched the 3" EcoRI end of the EPSPS insert in pMON9531 . An entire EPSPS coding 
sequence was created by ligating the EPSPS Inserts from pMON9531 and pMON9556. 

1. Creation of pMON546 Vector with CaMV 35S/EPSPS Gene 

The EPSPS insert in pMON9531 was modified by site-directed mutagenesis (Zoller et al. 1983) using an M13 
vector (Messing 1981 and 1982) to create a Bglll site in the 5' non-translated region of the EPSPS gene. The 
modified EPSPS sequence was isolated by EcoRI and Bglll digestion, and inserted into a plant transformation 
vector. pMON530, to obtain pMON536. as shown in Figure 2. pMON530, a derivative of pMONSOS carrying the 
35S-NOS cassette, was created by transferring the 2.3 kb Stul-Hindlll fragment of pMON316 into pMON526. 
Plasmid pMON316 (see Figure 5) is a co-integrating type intermediate vector with unique cleavage sites for the 
restriction endonucleases Bglll. Clal. KpnI. Xhol and EcoRI located between the 5' leader and the NOS 
polyadenylation signals. The cleavage sites provide for the insertion of coding sequences carrying their own 
translational initiation signals immediately adjacent to the CaMV 358 transcript leader sequence. The 316 
plasmid retains all of the properties of pMON200 including spectinomycin resistance for selection in E. coli and 
A. tumefaciens as well as a chimeric kanamycin gene (NOS/NPTII/NOS) for selection of transformed plant 15 
tissue and the nopaline synthase gene for ready scoring of transformants and inheritance in progeny. Plasmid 
pMON526 is a simple derivative of pMONSOS in which the Smal site was removed by digestion with Xmal. 
treatment with Klenow polymerase and ligation. The resultant plasmid, pMON530 (Figure 2) retains the 
properties of pMON505 and the 35S-NOS expression cassette now contains a unique cleavage site for Smal 
between the promoter and poly-adenylation signals. The 1 .62 kb EcoRI-EcoRI fragment from pMON9556 was 20 
then inserted into pMON536 to obtain pMON546. Since pMON530 already contained a 35S promoter from a 
cauliflower mosaic virus (CaMV) next to the Bglll "site, this created a chimeric CaMV/EPSPS gene in pMON546. 

As shown in Figure 2. plasmid pMON546 contained (1 ) the CaMV 35S/EPSPS gene; (2) a selectable marker 
gene for kanamycin resistance (KanR); (3) a nopaline synthase (NOS) gene as a scorable marker: and (4) a 
right T-DNA border, which effectively caused the entire plasmid to be treated as a "transfer DNA" (T-DNA) 25 
region by A. tumefaciens cells. This plasmid was inserted Into A. tumefaciens cells which contained a helper 
plasmid, pGV3111SE. The helper plasmid encodes certain enzymes which are necessary to cause DNA from 
pMON546 to be inserted into plant cell chromosomes. It also contains a kanamycin resistance gene which 
functions in bacteria. 

A culture of A. tumefaciens containing pMON546 and pQV31 1 1-SE was deposited with the American Type ^' 
Culture Collection (ATCC) and was assigned ATCC accession number 53213. If desired, either one of these 
plasmids may be isolated from this culture of cells using standard methodology. For example, these cells may 
be cultured with E. coli cells which contain a mobilization plasmid, such as pRK2013 (Ditta 1980). Cells which 
become Spc/strR, kanS will contain pMON546, while cells which become KanR. spc/str s will contain 
pGV3111-SE. 
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EXAMPLE 2: GLYR PETUNIA CELLS 

Leaf disks with diameters of 6 mm (1/4 inch) were taken from surface-sterilized petunia leaves. They were 
cultivated on MS104 agar medium for 2 days to promote partial cell wall formation at the wound surfaces. They 
were then submerged in a culture of A. tumefaciens cells containing both pMON546 and GV3111-SE which 
had been grown overnight in Luria broth at 28" C, and shaken gently. The cells were removed from the bactenal 
suspension, blotted dry, and incubated upside down on filter paper placed over "nurse' cultures of tobacco 
cells, as described in Horsch 1981. After 2 or 3 days, the disks were transferred to petri dishes containing MS 
media with 500 ug/ml carbeniclllin and 0. 0.1, 0.25. or 0.5 mM glyphosate (sodium salt), with no nurse cultures. 

Control tissue was created using A. tumefaciens cells containing the helper plasmid pGV31l1-SE and a 
different plant transformation vector, pMON505, which contained a T-DNA region with a NOS/NPTII/NOS 
kanamycin resistance gene and a NOS selectable marker gene identical to pMON546. but without the 
CaMV/EPSPS gene. 

Within 10 days after transfer to the media containing glyphosate. actively growing callus tissue appeared on 
the periphry of all disks on the control plate containing no glyphosate. On media containing 0.1 mM 
glyphosate. there was little detectable difference between the control disks and the transformed tissue. At 
0.25 mM glyphosate, there was very little growth of callus from control disks, while substantial growth of 
transformed tissue occurred. At 0.5 mM glyphosate. there was no callus growth from the control disks, while a 
significant number of calli grew from the transformed disks. This confirms that the CaMV/EPSPS gene 
conferred glyphosate resistance upon the transformed cells. 

EXAMPLE 3: GlyR Tobacco Cells 

Leaf disks were excised from tobacco plants ( N. tabacum ). and treated as described above with A. 
tumefaciens cells containing pMON546 (or pMON505. for control cells) and helper plasmid pGV31 1 1 -SE. The 
cells transformed with the CaMV/EPSPS gene created substantial amounts of callus tissue on 0.5 mM 
glyphosate, whereas the cells which did not contain that gene did not create any detectable callus tissue. 
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EXAMPLE 4: GlyR Soybean Cells 

Sterile hypocotyl pieces of Glycine canescens . a type of soybean, were infected with the A. tumefaciens 
strain containing the chimeric EPSPS gene as described in Example 2, Nurse culture plates were made which 
contained a medium of lOO/o of the norma! level of MS salts (GIBCO), B5 vitamins. 3 g/l sucrose. 2 mg/l 
5 napthalene acetic acid. 1 mg/l benzyladenine, and 0.5 mM arginine. The pH was adjusted to 57 before 

autoclaving. . ^ . • . ^ 

The infected soybean hypocotyls were incubated at 26''C for two days and transferred to a similar medium 
(except that the MS salts were not diluted) and additionally containing 500 mg/l carbenicillin. 100 mg/l 
cefotaxime and ICQ mg/l kanamycin. Under these conditions, only transformed soybean callus was able to 

W grow. -r xoT ec a 

Control tissue was produced using A. tumefaciens cells containing the helper Ti plasmid pTiT37-St ana a 
plant transformation vector pMON200. See Fraley et al. Biotechnology Vol. 3. 1985. described herein. The 
co-integrate pTiT37-SE contained a T-DNA region with a NOS/NPTII/NOS kanamycin resistance gene and a 
NOS scorable marker gene identical to pMON200. but without the CaMV 35S/EPSPS/NOS gene, 

'5 This disarmed nopaline-type Ti plasmid was created from pTiT37 in a manner analogous to that described by 
Fraley et al (1985) for creating the pTiB6S3-SE disarmed octopine-type Ti plasmid. The general procedure is to 
replace most of the pTiT37 T-DNA with a selectable marker and pBR322 and LIH segments from pMON200 to 
provide a region of homology for recombination with pMON200 and derivatives. This replacement results in the 
deletion of the rightmost approximately 80 percent of the T-DNA including the phytohormone biosynthetic 

20 genes, nopatine synthase gene and the right border of the T-DNA. 

The source of the pTiT37 sequences was the plasmid MINI-Ti described by deFramond et al. 
(Bio/Technology 1 : 262. 1983). This plasmid is a convenient source: however, these same Ti plasmid segments 
could be obtained directly from the pT!T37 or related pTiC58 plasmid or from subclones of these plasmids 
isolated by others such as those described by Hepburn et al. (J. Mol. Appl. Genetics 2: 211-224. 1983) or Zahm 

25 et al. (Mol Gen Genet 194: 188-194, 1984). . rr 

Plasmid MINl-Ti is a derivative of pBR325 carrying the pTiT37 Kpni fragments 13b. 4 and 11 (deFramond et 
al 1983) which are analogous to the pTiC58 Kpnl fragments 13, 3 and 12 (Depicker et al., Plasmid 3: 193-211, 
1980) The internal T-DNA sequences including the phytohormone biosynthetic genes and nght border were 
removed from mini-Ti by digestion with Hindlll and religation to produce pMON284. The pMON284 plasmid 

OO contains a unique Kpnl site which was converted to a BamHI site by cleavage with Kpnl and insertion of the 
following synthetic linker: 

CGGATCCGGTAC 

^3 CATGGCCTAGGC 



which contains a BamHI site (5'-GGATCC) in the the center of the linker. A plasmid that contains this linker 
was isolated and called pMON293. ^ ^ . » *• 

The PMON293 plasmid carries the following pTiT37 fragments adjacent to each other tn inverted orientation 

40 with respect to their orientation in the Ti plasmid and joined through a BamHI linker. First is the Kpnl site at the 
right end of the 13b fragment. This fragment contains the left border of the pTiT37 T-DNA. Then comes the left 
end of the 13b fragment joined to the BamHI linker. Joined to this is the right end of the Kpnl 1 1 fragment. This 
fragment contains Ti plasmid located to the right of the T-DNA and ends with a Hindlll site that is the right end 
of the pTiC58 Hindlll 2 fragment (Depicker et al.. 1980). This is joined to the pBR325 derivative plasmid which 

J? also is fused to the Kpnl site at the right end of the Kpnl 13b fragment. 

To introduce homology to pMON200 and a kanamycin resistance selectable marker for A. tumefaciens 
between the pTiT37 segments, we constnjcted plasmid pMON292. Plasmid pMON292 is a derivative of 
pMON1 13 which consists of the 2.6 kb pBR322 Pvull to Hindlll fragment joined to the 1 .7 kb Bglll (nucleotide 
1617) to Hindlll (nucleotide 3390, Barker et al.. Plant Mol. Biology 2: 335, 1983) fragment of octopine ^pe 

50 T-DNA of pTiA6. This segment, called the LIH. has been previously described by Fraley et al. (1985). The Bgiii 
site was made flush ended by treatment with Klenow polymerase before ligation with the PB«322 segniient. 

Plasmid pM0N113 was cleaved with Hindlll. treated with Klenow polymerase and joined to the 1.2 kb Avail 
fragment of Tn903 Oka et al J, MoL BioL 147:217 (1981) (601) that had been treated with Klenow polymerase, 
ligated to synthetic BamHI linkers, digested with BamHI and treated again with Klenow polymerase. The 

55 resulting plasmid carrying the Tn903 kanamycin resistance determinant adjacent to the UH segment was 

called pMON292. ^ ^ u * f^,« 

The PMON200 homology region and bacterial kanamycin resistance marker were inserted between the 
priT37 segments by mixing pMON292 linearized by cleavage with Hindi with two fragments derived from 
PMON293: a 2.5 kb Pvull-BamHI fragment and a 4.5 kb fragment isolated after cleavage with Hindlll, Klenow 

m polymerase treatment, and cleavage with BamHI. The resulting plasmid. pMON313. carnes the following 
fragments in this order. First, is the BamHI linker followed by a 4,5 kb KpnI-Hindlll fragment denved from the 
right side of pTiT37 Kpnl fragment 1 1 . This is joined to the 750 bp Hincll-Hindlll segment of pBR3^ ollowed by 
the 1 2 kb Tn903 segment encoding kanamycin resistance. This is followed by the LIH (Hindlll-Bglll segment 
and the Pvull-Hincll segment of pBR322 that carries the origin of replication. Next, there is a 2.5 kb P>^" «> 

65 Kpnl fragment from the left end of the pTiT37 Kpnl 1 3b fragment which contains the left border of the T-DNA. 
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Finally, this is joined to the starting BamHI linker. 
To introduce this DNA into Agrobacterium, pMON313 was cleaved with BamHI and mixed with pRK290 ONA 

that had been cleaved with Bgltl and treated with DNA ligase. A derivative of pRK290 carrying the pMON3i3 

plasmid was isolated and called pMON318. 
Plasmid pMON318 was introduced into Agrobacterium tumefaciens strain A208 which carries pTiT37 and a 

chromosomal chloramphenicol resistance by standard bacterial mating methods using pRK2013 as a helper. 

This method and subsequent selection for the replacement of the T-DNA with the engineered T-DNA segment 

carried in pMON318 was exactly as described by Fraley et al. (1985) for the selection of the disarmed 

octopine-type priB6S3-SE plasmid. 
The resultant disarmed pTiT37-SE plasmid contains the vir region intact and retains the left T-DNA border w 

and approximately 1 kb of the T-DNA. This region of the T-DNA has not been reported to encode a transcript 
(Joos et al.. Cell 32: 1057-1067, 1983. This is followed by the pBR322 segment and LIH and then the Tn903 

kanamycin resistance. The Tn903 segment is joined to a 750 bp segment of pBR322 that is joined to the left 
end of the pTiT37 analogue of the pTiC58 Hindlll 2 fragment (Depicker et al.. 1980). This fragment is located 
outside the right end of the pTIT37 T-DNA. The result is that over 900/o of the T-DNA including the 15 
phytohormone biosynthetic genes responsible for crown gall disease production and right border are absent 
from the pTiT37-SE plasmid. . oc / . 

The pTiT37-SE plasmid is carried in a derivative of strain A208 that was selected for growth in 25 ^g/ml 
chloramphenicol and this strain with the disarmed plasmid is called A208-SE or ASE. The A208-SE strain is 
used as a recipient for the pMON200 intermediate vector in the triple mating procedure in exactly the same 
manner as the 31 1 1 -SE strain (Fraley et al.. 1985). This results in a co-integrate hybrid T-DNA consisting of the 
following from left to right: the pTiT37 left border and approximately 1 kb of sequence just inside the border, 
the pBR322 Hindi to Pvull segment, the pTiA6 Bglll to Hindlll LIH region, the pMON200 synthetic multi-tinker, 
the NOS/NPTII/NOS kanamycin resistance gene for selection in plants, the Tn7 spectinomycin/streptomycin 
resistance determinant, the nopaline synthase gene as a scorable marker for plant cells, the right border of the 25 
pTiT37 T-DNA The DNA between the two border sequences just described and any other DNA inserted into 
the analogous region of pMON200 and derivatives are transferred to plant cells during the transformation 
procedure. 

After 14-17 days, soybean callus transformed with either the vector alone (pMON200 plasmid) or with the 
vector containing a chimeric EPSPS gene was transferred to petri dishes containing MS medium and 0. 0.5 mM 30 
or 1.0 mM glyphosate. 

Within 18-20 days after transfer to the media containing glyphosate. actively growing callus tissue appeared 
in all dishes containing no glyphosate. On medium containing 0.5 mM glyphosate there was little growth in the 
dishes containing control callus, i.e.. the callus contain the pMON200 vector alone, while some callus colonies 
containing the chimeric EPSPS gene described hereinbefore in Figure 2 showed definite growth. At 1 .0 mM 35 
glyphosate there was no callus growth from the control tissues and again, some growth of the transformed 
callus containing the chimeric EPSPS gene. This confirms that the CaMV 35S/EPSPS/NOS gene conferred 
glyphosate resistance on the soybean celts. 

EXAMPLE 5: Gly« Cotton Cells 

A plant transformation vector similar to pMON546 is prepared following the general procedure outlined in 
Example 1 except that the CTP/EPSPS coding sequence is obtained from cotton. Seeds of cotton (cultivator 
Delta Pine 50) are surface sterilized using sodium hypochlorite and germinated in vitro on a basal medium in 
the dark. After 2 weeks hypocotyls and cotyledons are cut into pieces and innoculated with a tumorous strain 
of A. tumefaciens containing the above described transformation vector and helper plasmid pGV31 11. After 3 
days coculture on MS basal medium, the explants are transferred to the same medium with 500 mg/l 
carbenicillin to kill the bacteria. After 2 to 4 weeks, tumor tissue is transferred to the same medium containing 

0.5 mM glyphosate. /-wi-i.i 
Control tissue was produced using tumorous A. tumefaciens cells containing the helper plasmid pGV3i 1 1 
and pMON200. Tissue transformed with the above-described transformation vector demonstrates glyphosate 
resistance by continuing growth while growth of pMON200 transformed tissue (control) and nontransformed 
tissue is inhibited. 

EXAMPLE 6: GlyW Oil Seed Rape cells 

A plant transformation vector similar to pMON546 is prepared following the procedure outlined in Example 1 
except that the CTP/EPSPS coding sequence is obtained from rape plant such as Brassica napus (see 

Example 17). * , ^ 

The four terminal intervals from B. napus plants (growth chamber grown in soil) are surface sterilized m 
sodium hypochlorite and cut into 5 mm sections. The upper surface of each piece is inoculated with an ^ 
overnight liquid culture of A. tumefaciens containing the above described transformation vector and helper 
plasmid pTiT37-SE and incubated for 2 to 3 days on nurse culture plates containing 1/10 MS medium with 1 
mg/l BA. The explants are then transferred to MS medium containing I mg/1 BA, 500 mg/l carbenicillin and 100 
mg/I kanamycin. After 3 to 6 weeks, leaf tissue from transgenic shoots that have developed is transferred to 
the same medium but with 0.5 mM glyphosate Instead of the kanamycin to test for tolerance. 
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Conuo- .issue is prepared using A, turnefaciens cei.s ^^-^^^Xi:^^^^^^^ 
PMON200 Transgenic tissue that expresses EPSPS are able to grow in the presence gyp 
transformed and non-transformed controls are inhibited. 

1. and 14-17 except that the CTP/EPSPS coding f 

Flax seeds are surface-sterilized with 70°^ ethanoL 250^ (^mor^^ , Z,or S"' The hypocotyls are 
seeds are placed on solid MS medium and allowed to 9e^™"^»« " ^ ''^^^^ above-described transformation 
removed aseptically and inoculated with A, tumefaciens ^'J^^J,^^^^^^ on MS medium 

vector and helper plasmid pTiB6S3-SE or PT'T37-SE and pe^^^^^^^^^ 

=?:Sd^:=r3E^^^^ 

^^Sol tissue is prepared using A. li-I^r^hTf^^^^^^^ 

Sstr trgrpSatrSfncSr^^^^ ZT.-^-^^^ --s and dies at 
these glyphosate levels. 

pv^l^^o, c Q- icniatinn Qf Mutant EPSPS ge ne from E. coti w -^tt 

- 4ir^"i: coli ATCC 11303 were transferred to medium A and incubated at 37 C. 
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MEDIUM A 

10 X MOPS medium 50 ml 

50% glucose solution 2 ml 

100 mM aminomethyl phosphonate 2 ml 

Thiamine (5mg/ml), pH 7.4 1 ml 

100 mM Glyphosate (sodium salt) 2 ml 

Deionized water to 500 ml 

10 X MOPS medium: 

Per 500 ml 

1 M MOPS (20«-3g/l, pH 7.4 200 ml 

1 M Tricine/89.6g/l, pH 7.4) 20 ml 

0.01 M FeSO^,7H20 (278.01 mg/lOOml) 5 ml 

1.9 M NH^Cl (50.18g/500ml) 25 ml 

.276 M KjSO^ (4.81g/100ml) 5 ml 

0.5 mM CaCl^, 2H2O (7.35mg/100ml) 5 ml 

0.528 M MgCl2 (10.73g/100ml) 5 ml 

5 M NaCl (292.2g/l) 50 ml 

0.5% L-Methionine {500mg/100ml) 5 ml 

micronutrients* 5 Ml 

* Micronutrients in 25 ml H2O 

ZnSO^ (2.88mg/ml) 25 jjI 

MnClj (l-58mg/ml) 250 \il 

CuSO^ (1.6 mg/ml) 25 \il 

C0CI2 (7.14mg/ml) 25 pi 

H3BO3 (2.47mg/ml) 250 \il 

NH^M0^024 (3.71mg/ml) 25 m1 
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After a week, a culture was obtained which could grow rapidly in the presence of high concentrations of 
glyphosate in the growth medium (10 mM or higher). Analysis of the EPSPS activity in the extracts of this 65 
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cun.e and comparison o. Us o.yp.osa.e s-si..^^^^^^^^ 

iMarmur. J. (1961) J. Mol. Biol. 3:208-218). Southern '^^^^^^^^^^n^nL or. a 3.5 Kb Bglll-Hindll. 
983) as the probe established that -"'^^ ^ene in « bactenum ^ ^^^^ ^ ^ ^^^^ 

fragment. This fragrnent was Cloned into the vec^^^^^^^^^ 
and the resulting plasmid was used for transformat o^^^^^ 

ability to grow in these conditions and '^^^^^^^ fragment of this insert which 

,ne E coli K-12 aroA gene. This clone was des gna ed PMO^^^^^ 

con^greater than 860/0 of the aroA gene from the mutamb^^^^^^^^^^ 3 ^^q^^nce 

,pMON6012. a derivative of pMON6001 <^^^^^'^J>^^l^^^^T^^2iiS^^^^ 

carrying the K-12 aroA coding sequence °' |^ and ^^"^ ^^^^ suggesting that 

pMON9540.Tl^^PSPS produced bythis hybrid aroA|ener^^ ^^^^^^ ^^^^ ^,^,3 

chloroplast transit peptide in '°Tr.'BR32r(Soberon et al.. 1980) carrying the LcoljKia EPSPS coding 
Plasmid pIWIONSOOl is a denvative of PBR327 (Soberon et au ' " prom^Plasmid pMONBOOl 
sequence expressed from two tandem copies ^'J-^V^.^^^JJ^P^^ ^as digested with Clal and the 2.5 

was constructed in the following -"^"^i fj'?: ^^^^^^^^ Cla.. The resulting plasmid, pMONB. 

kb fragment was inserted into a pBR327 that has f^^^^^'^^^l^^^ ,he beta-lactamase gene of pBR327. 
contains the EPSPS coding ^^•'"f ''^'^^ '"^ f^^^^^^^ fSSon endonuclease sites located adjacent to 
To construct pMON25. a derivative of P^ONS wij. umqu^^^^^^ ^^^.^^^.^^ p^0N4 was made 

,he E. coli EPSPS coding sequence, the following ^J^P^^^^f^* '^S", ,„ks the 2 kb BstEll fragment of pMON4. 
by ci^ge with BstEll and religation. The '^^^'''^'^^^^rSl^lt^^^ open reading was isolated after 
Next, a lie bp Hinfl to Ndel fragment which encode^^^^^^^^^ ^.p^^.tion on an 

digestion of pM0N7 with ^^el a"d ^^^^ 

^IS^^X'^r^'^Z^^ ^vntHetic linKer with the sequence: 

5 • -GATCCAGATCTGTTGTAAGGAGTCTAGACCATGG 

GTCTAGACAACATTCCTCAGATCTGGTACCTTA 

5..GATCCTATCTCTGGCGGTGTTGACATAAATACCACTGGCGGTGATACTGAGCACATCG 
rATArAGACCGCCACAACTGTATTTATGGTGACCGCCACTATGACTCGTGTAGCCTAG 

inserted into a pEMBLI 8+ vector and a ^co^ s^^^as 'ns^^^^^^^^ aa .^^^^^^ „^ £,^,0, 

clone with the new EcoRI site '^^V .h!^NSl{ diaested pf^ON9540 to give pMON6531. 
site) from pMON6530 was cloned into the Nd^l-Bglll d^ested^^^^^^^^ a pMONSOOl and EcoRI. 

Plasmid PMON6012 is a simple "ve ° ^^^^^"^^^^l^^^^^ gave rise to pMON6010 

^rrors^E^rarsr;^^^^^^ 

CmmDI linLor* 
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Pvull and insertion of a synthetic EcoRI linker. 

5 ' -CCGGAATTCCGG 
GGCCTTAAGGCC 



.nto the unique Pvull site near the end of the ^P^PS coding se^^^^ ^80,7 Site 

The 330bp EcoRl .ragmen, of P^OUS^'}^.^^ feams"! in tie Saler sejufnce iust S' of the chloroplast 
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cassette created by transferring the 2.3 kb Stul-Hlndlll-fragment of pMON316 into pMON526. Plasmid 
pMON526 is a simple derivative of pMON505 in which the Smal site was removed by digestion with Xmal. 
treatment with Klenow polymerase and ligation. The resultant plasmid. pMON530 (Fig. 21 retains the properties 
of pMON505 and the 35S-NOS expression cassette now contains a unique cleavage site for Smal between the 
promoter and polyadenyiation signals. The EcoRI fragment containing the aroA gene from pMON6031 was 
cloned into the EcoR! site of pMON536 creating pMON542. 

The Bglll-EcoRI fragment of pMON9540 which encodes the hybrid kl2-SMI EPSPS without the CTP was 
cloned into the Bglil and EcoRI sites of pMONSSO to create pMON8078. 

Transformation of tobacco cells using pMON542 (construct with CTP) as previously described in Example 3 
resulted in glyphosate resistance. Conversely, transformation of tobacco with pMON8078 (construct without w 
CTP) failed to confer glyphosate resistance. 

EXAMPLE 9: GlyR Potato Cells 

Potato - Shoot tips of virus-free Russet Burbank are subcultured on media containing MS major and minor 
salts. 0.17 g/l sodium dihygrogen phosphate. 0.4 mg/l thiamine hydrochloride, 0.1 g/l inositol. 3o/o sucrose. 1 .5 15 
g/l Gelrite® (Keico, Co.) at pH 5.6. Cultures are grown at 24C in a 16 hour photoperiod. Shoots are used 
approximately 3^ weeks after subculturing. Stem internodes are cut into approximately 8 mm lengths and split 
lengthwise, then the cut surface is smeared with Agrobacterium carrying binary vector pMON542 and helper 
plasmid pTiT37-SE which had been streaked on an LB agar ptate and grown for a few days. Stem sections are 
placed cut side down on the surface of the medium containing MS salts, MS organics, 3% sucrose. 2.25 mg/l 20 
BA, 01186 mg/l NAA, 10 mg/i GA. 1 .5 g/l Gelrite at pH 5.6. After 4 days, the stem explants are transferred to the 
same medium but with carbenicillin at 500 mg/l and kanamycin as the selective agent at 0 or 300 mg/l. Two 
weeks after inoculation, the explants are moved onto medium of the same composition but without NAA. 
Kanamycin at 300 mg/l was sufficient to prevent swelling and callusing of the infected explants without killing 
the tissue. The transformed tissue appears as small outgrowths usually on the end of the explant. Transformed 25 
tissue exhibits substantial resistance to glyphosate. 

EXAMPLE 10: GlyR Sunflower Cells 

The following procedures are utilized to obtain transformed sunflower tissue and shoots. Tumors are incited 
on sterile sunflower seedlings. Sunflower seeds are surface sterilized with 400/o Chlorox and sterile distilled 30 
water rinses. The seeds are germinated on an agar medium containing B5 salts, 0.50/o sucrose and O.80/0 agar. 
Seven-day old seedlings are inoculated with overnight cultures of Agrobacterium strains carrying pTiB6S3-SE 
by scoring the internode or stabbing the internode with a syringe and using another syringe to introduce the 
bacteria into the wound. Tumors form In 2-3 weeks. The tumors are removed from the seedlings and grown 
independently on MS medium without hormones. Transformed callus and shoots are also obtained following a 35 
different procedure. Seeds are surface sterilized and placed on the germination medium above. Germination is 
carried out in the light for 10 days. Hypocotyl segments. 2-3 mm are, excised and inoculated with 
Agrobacterium strains containing engineered constructs. The hypocotyls are co-cultured for 2 days on a 
medium containing MS salts and vitamins, 5 g/1 KNO3. 100 mg/l inositol. 40 mg/l adenine sulfate. 500 mg'l 
casamino acids, 1 mg/l NAA, 1 mg/l BA, 0.1 mg/I GA3. 30 mg/l sucrose and 8 gm/l agar. Alter co*culture. the •'^ 
hypocotyls are placed on the same medium but containing 300 mg/l kanamycin and 500 mg/l carbenicillin. 
After 2 weeks, the hypocotyls inoculated with strains containing the kanamycin resistance gene produce 
callus and regenerates on medium containing kanamycin while other hypocotyls do not. 

A. tumefaciens containing binary vectors pMON546 and helper plasmid pTiB6S3-SE are used to produce 
tumors and callus and regenerated plants. The tumors exhibit tolerance to glyphosate at concentrations which 
bleach and kill control tumors which do not contain the glyphosate resistance gene. Nontumorous callus 
likewise show tolerance to levels of glyphosate which kill callus without the glyphosate resistance gene. 
Transformed sunflower plants demonstrate tolerance to glyphosate sprayed at concentrations which kill wild 
type plants. ^ 

EXAMPLE 11: GlyR Petunia Plants 

Transformed petunia plants were produced by regeneration from the transformed leaf disks of Example 2. 
by the procedure described in Horsch et al 1985. The transformed plants obtained contained the pMON546 
vector, described hereinbefore, which contains the CaMV 35S promoter fused to the wild-type petunia EPSPS 
gene. 

Four individual representative transgenic seedlings were selected, grown and tested in the testing 
procedure described below, along with four individual non-transformed (wild-type) petunia seedlings. 

The plants were grown in a growth medium in a growth chamber at 26' C with 12 hours of light per day. The 
plants were fertilized weekly with a soluble fertilizer and watered as needed. The plants were sprayed at a 
uniform and reproducible delivery rate herbicide by use of an automated track sprayer. 

The glyphosate solution used was measured as pounds of glyphosate acid equivalents per acre, mixed as 
the glyphosate isopropyiamine salt, with an ionic surfactant. 

Four individual wild-type (non-transformed) petunia plants were selected for use as control plants. Four 
individual transformed plants containing the pMON546 vector were selected by kanamycin resistance as 
described in Horsch et al 1985. ^ 
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Table 2 
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Plant Type 



.^.r.r Resoons - niyphosate Spraying 

visual Appearance 



Gl yphosate 



Dose'' 



20 



control 



0.4 #/acre 



plants showed rapid 
chlorosis and 
bleaching, wilted 
and died 



25 



30 



Control 



0-8 #/acre 



completely dead, 
plants showed very 
rapid chlorosis and 
bleaching, wilted 
and died 



35 



JO 



45 



Chimeric EPSPS 0.8 #/acre 
trans formants 



growing well# 
slight chlorosis in 
new leaves which 
are growing with 
normal morphology, 
plants appear 
healthy and 
started to flower 
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pounds/acre. The transformed plants are more resistant to glyphosate exposure than the non-transformed 
control plants. 

EXAMPLE 12: GlyR Tomato Plants 
Transformed tomato plants. VF36 variety are produced from sterile seedlings as described below. ^ 
Sterile seedlings of VF36 tomato are grown on water agar. Hypocotyls and cotyledons are excised and 
cultured for 2 days on MS medium containing B5 vitamins. 30 g/l sucrose and 1 mg/l benzyladenine and 0.1 
mg/l indole acetic acid. The seedlings are then infected with the A. tumefaciens vector containing the chimeric 
EPSPS gene described in Example 2, by immersing for about 30 seconds in a culture of A. tumefaciens 
containing the chimeric EPSP synthase gene that had been diluted to 10^ bacteria/ ml. Explants are obtained 
by cutting sections from the seedlings. The explants are blotted dry and incubated as described previously in 
Example 2 except that the medium contains only IQO/o of standard concentration of MS salts. After 2 days of 
coculture, the explants are transferred to selective medium containing 100 ug/ml kanamycin. Transformed 
tomato plants grow from the explants. Leaves from these plants are tested for glyphosate resistance using a 
leaf callus assay described below. 

Tomato leaf fragments from plants containing vector alone (pMON200) or the pMON546 chimeric EPSPS 
gene are incubated on callus medium described above containing 0.5 mM glyphosate. After 10 days the 
control leaves are completely inhibited and showed no signs of callus growth; the leaves from plants 
transformed with the chimeric EPSPS gene vector produced callus. 

20 

EXAMPLE 13: GlyR Tobacco Plants 

Transformed tobacco plants (Samsun variety^ were produced and grown by the method described in 
Example 4. substituting transformed tobacco leaf disks for transformed petunia leaf disks. 

Tobacco plants were tested for glyphosate resistance using the method described for tomato plants in 
Example 5. Tobacco leaf fragments from plants containing vector alone (pMON200) or the pMON546 chimeric 
EPSPS gene were incubated on callus medium containing 0.5 mM glyphosate. 

After 10 days the control tobacco leaves were completely inhibited and showed no signs of callus growth; 
the leaves from plants transformed with the chimeric EPSPS that the chimeric petunia EPSPS gene confers 
glyphosate resistance to tobacco plants. 
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EXAMPLE 14: Isolation of Petunia EPSPS Genomic Clone 

In order to isolate the entire petunia EPSPS gene, th6 library of petunia genomic DNA was constructed as 
described in Example 1-G. Briefly, the chromosomal DNA from the MP4-G cell line was digested with BamHI 
and cloned into a phage vector, XMG14. to create a library. As described in Example 1-G. one phage clone 
was isolated which contains a 4.8 kb Bglll fragment that was complementary to pMON9531 cDNA clone. To ^ 
isolate the remainder of the gene, the genomic library was screened again using as probe the 1.6 kb cDNA 
insert from pMON9556. The plating of the library and the hybridization procedures were done as described in 
Example l-G. Several positive signals were obtained. One isolate was selected for further analysis and was ■ 
designated as the XF10 phage clone. 

The DNA from XF10 was digested separately with BamHI, Bglll. EcoRI and Hindlll. The DNA was hybridized 
with nick-translated EPSPS sequences from pMON9531 and pMON9556 in a Southern blot procedure. This 
indicated that the complementary sequences from Xf^O were on 4.8 kb. 2.0 kb and 3.8 kb Bglll fragments. DNA 
sequence analysis of these fragments indicates that these three fragments together contain the entire gene 
which spans approximately 9 kb of petunia DNA and is interrupted by seven introns (Figure 6). The promoter 
fragment of the EPSPS gene contained in the genomic clone, XF10. can be used to express the chimeric '^^ 
EPSPS cDNA or genomic sequences. The fragments containing the introns may also be used to construct 
additional chimeric EPSPS genes to obtain enhanced levels of the mRNA. 

EXAMPLE 15: Isolation of Arabidopsis thaliana Genomic Clone 

An Arabidopsis thaliana genomic bank was constructed by cloning size fractionated (15-20 kb). Mbol ^ 
partially digested DNA into BamHI cut lambda EMBL3. Approximately 10,000 plaques of phage from this library 
were screened with a nick-translated petunia EPSPS probe (pMON9566). A strongly hybridizing plaque. El. 
was purified. Southern blots of the EPSPS probe to phage DNA digests identified two fragments which 
hybridized very strongly. The first of these was a 1.0 kb Hindlll fragment and the other was a 700 bp BamHI 
fragment. Both of these fragments were subcloned into pUC119 and the DNA sequences of the inserts 
determined. 

The sequence data indicated that the phage did contain the Arabidopsis EPSPS gene. The enzyme is highly 
homologous to the petunia enzyme over the area for which sequence was available. The BamHI fragment was 
used as a hybridization probe against the phage and Arabidopsis genomic DNA to identify restriction 
endonuclease fragments suitable for cloning the entire gene. Two Bglll fragments of 6.0 and 3.2 kb were ^ 
identified from the El phage clone which, together, contain the entire EPSPS gene. Figure 6 summarizes the 
organization of the Arabidopsis clone and compares it to the organization of the Petunia EPSPS gene. 

The DNA encoding the amino terminus of the protein is within the 6.0 kb Bglll fragment. The exact 
translational start site can be determined by comparison of the amino acid sequence deduced from the 
nucleotide sequence to that of the petunia enzyme. Site directed mutagenesis can then be used to introduce a 
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"sumS vecto^^^^^^^^^^ Arabidopsis EPSPS enzyme .n plants. 

EXAMPLE 16: Is olation of Tomato EPSP cDNA ^'""^ ,oniato (Lycopersicum 

■ A cDNA library was constructed J- ;s°la^^ d f^m maU^^e p t Is o, « ^ ^^^L^^^^ 

esculentum variety VF36) by the methods of Huynh et. ^ ^^J.^™ ,935, ,ibra,y was plated on E. 

]Rrp?iii-D. Glover ed.. 1985) and ^^'^'^^^^ZeTZTu^'^^^^ S 19 kb Bglll/clLl fragment 
colistrainBNNloa and filter replicas were made. The ft^^^^^^ ^32^g,.,3 ^gga, 

5rpMON9563 that had been labeled with ^^l^'-^^^^^ 

Hybridizing plaques were isolated and ^^^''^^^^^^^'^^ '"^^f 3°^^^^^^ and 1700 bp in one of the 

T^ie full length tomato EPSPS cDNA was present on two f ';^";;^^^^^^^ 9 ,„„i„g p^oN9596. The 
CDNA clones (PI). The 250 bp fragment was <=ioned u^to the EcoR^s.te o P'^'^^^^J^ using 

1700 bp fragment was cloned into pUCIS P^^°^f ,1^, J,^^ thl seauence surrounding the start codon 
adideo% sequencing kit purch^edfromAmers^^^^^^^^ „ 

,0 facilitate mutagenesis. A Bglll site was engineered 13 "P^JJ^g^gg. 1985) using the chemically 
PMON9596 by the method of Kunkel (Proc. Natl. Acad. Sci. USA 8^.4oo-^»^. 
synthesized oligonucleotide: —tto 

GCCATncrrGTGAAAAAGATCTTCAGTTrrTC ^g^fy the correct mutation. The 70 bp 

SS.t'grn?3^^^^^^^^^^ 
S=9tr>=^ 

coding region resulting in pMON9721 (se^ F-gure 7). ^^^^ 3 helper plasmid. pQV3111-SE. The 

resistant cel ls and plants as prevtously described in Example 12. 
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EXAMPLE 17: Is olation of Brasicca napus cDNA C'one ^^^^^^ j„ 

■ Total RNA was isolated from Brassica naeus (cuitivar Westar) buffer (10/0 

ncuid nitrogen. After liquid nitrogen had -f--^/' ^^^^ hTS mM EGTa! pH 

tris-isopropylnapthalene sulfonic acid. 6O/0 p-ammosal cylic J"^ ' "^.^^j equal volume of a 1:1 

35 7.5. 100 mM NaCI. 10/O SDS and 50 mM 2-mercaptoethanol) and ♦'^^"f JJfpredpS^ted with ethanol. The 
mixture of phenol/chloroform. The nu^^^'^^^J^'*^^'" I' cSed twi^f wM a final concentration of 2M. 
. precipitate was dissolved in water and the RNA «f P^^^'P™ ^^^^^^ vvith ethanol. PolyA RNA was 

The final RNA pellet was dissolved in '^^il of ooirRS ^s To ^g/gram of flowers, 

selected by olig-dT cellulose method used is 

The libraiv was constmcted using pohrA RNA ^'^'^Xn^L^iaToo^^^ 
described in Example 16. The yieW in ''branr was 90 OM plaqu^^^^^ nr^ ^ 

a density of 5000 plaques/plate. S?Sg/m< RNA 0.10/b SDS at 37»C. The insert 

hybridized under low stringency '^3^»°^^'^„^:,!i?!Sd ad^^^ hybridization solution at 2 x 106 
from PMON9556 was labeled with 32p bynj^k-transla .on «.d added hyo ^^^^ 

cpm/ml. The filters were washed in 2 x SSC at room <f ^I^^^d S^eseThage were picked and rescreened 
36 min. A number of positively hybridizing phage .°"Xae we'e sS and those containing a full 
twice at lower plaque densities. The P^^''';,^^,^^^'^"?^'"^,^^^^^^^^^^^ B. napus EPSPS cDNA 

'-•^ ^/dS?™S r a'pS" JSrs"; PMON530. to cr-iiii^chimenc CaMV 
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clone will 
3SS/ B. napus EPSPS gene 



PXAMPLE 18: Petunia PPSPS Chloroplast ''P|^^':^»^'^"'^;i';]^^^y'^"j"",i,,, , i„ Example 1. This cDNA 
"AfHiwii^ith^DN^^ 72 amino acid transit 

Clone contains 27 nucleotides of the 5' "ntranslatedleader n 4 kbo the entire 3' flanking sequence. The 

>5 peptide plus 444 amino acids of the -"f .^'S.^sAI W '''' P'^'""' 

full-length EPSPS CDNA was cloned as a 2.1 kb BgHI-^^^^^^^ 3 is 

pGEMI to give plasmid pMON6140 and into PGEM2 to give pMUWi'Ki. 

transcribed 5' to 3' from the T7 and SP6 promoters, .^f ^P^f ^"^^ ^pgpg ^dnA was linearized at a 
^ Plasmid DNA (pMON6140 and P^O^e 45) con ain.ng the ^^^^^^^^^^ 

unique Pvu I site located in the 3' untranslated region, ^ ,934. jhe standard reaction 

(uncapped) with SP6 and T7 P-'V^^tl^'o^'S MoC ^^"^^ 
buffer contained 40 mM Tris-HCI (pH J^^ 6 ^^^f^^^J^ J'J 7a fina' 'potion volume of 100 ,1. The final 
ribonuclease inhibitor. 0^5 mM each o ^]l:^^^-^Z'ZsXo e6 at -BOX. A standard translation reaction 
RNA pellet was resuspended m 20 jil of sienie waiei 
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contained 100 ul of nuclease-treated rabbit reticulocyte lysate. 5.7 jil of a 19-amino acid mixture {minus 
methionine) at i mM each. 5.7 ul of RNA (total RNA transcripts derived from 0.63 ug of plasmid DNA). 16 pi 
RNasin (20U/al) rlbonuclease inhibitor, and 58.3 of [35s)methionine (14-15mCi/ml). The in vitro translation 
reaction was run at 30'' C for 90 min. The translation products were stored frozen at -80- C, 

Intact chloroplasts were isolated from lettuce (Latuca sativa . var. longifolia) by centrifugation in Percoll/ficoll 
gradients as modified from Bartiett et al (1982). The final pellet of intact chloroplasts was suspended in 0.5 ml 
of sterile 330 mM sorbitol in 50 mM Hepes-KOH, pH 7.7. assayed for chlorophyll {Arnon, 1949). and adjusted to 
the final chlorophyll concentration of 4 mg/ml (using sorbitol/Hepes). The yield of intact chloroplasts from a 
single head of lettuce was 3-6mg chlorophyll. These chloroplasts were deemed homogeneous based on phase 
contrast and transmission electron-microscopy. 

A typical 300 ^il uptake experiment contained 5 mM ATP, 8.3 mM unlabeled methionine. 322 mM sorbitol. 
58.3 mM Hepes-KOH (pH 8.0), 50 ul reticulocyte lysate translation products, and intact chloroplasts from L. 
sativa (200 ^ig chlorophyll). The uptake mixture was gently rocked at room temperature (in 10 x 75 mm glass 
tubes) directly in front of a fiber optic illuminator set at maximum light intensity (150 Watt bulb). Aliquots of the 
uptake mix (50-125 were removed at various times and fractionated over 100 ^il silicone-oil gradients (in 150 
^xl polyethylene tubes) by centrifugation at 11.000 X g for 30 sec. Under these conditions, the intact 
chloroplasts form a pellet under the silicone-oil layer and the incubation medium (containing the reticulocyte 
lysate) floats on the surface. After centrifugation. the silicone-oil gradients were immediately frozen in dry ice. 
The chloroplast pellet was then resuspended in 50-100 jil of lysis buffer (10 mM Hepes-KOH pH 7.5. 1 mM ^ 
PMSF. 1 mM benzamidlne. 5 mM e-amino-n-caprolc acid, and 30 \ig/m\ aprotlnin) and centrifuged at 15,000 X g 
for 20 min to pellet the thylakoid membranes. The clear supernatant (stromal proteins) from this spin, and an 
aliquot of the reticulocyte lysate incubation medium from each uptake experiment, were mixed with an equal 
volume of 2X NaDodS04-PAGE sample buffer for electrphoresis (see below). 

NaDodS04-PAGE was carried out according to Laemmli (1970) in 120/o (w/v) acrylamide slab gels (60 mm X 
1.5 mm) with 30/o (w/v) acrylamide stacking gels (5 mm X 1.5 mm). The gels were fixed in 30% methanol and 
100/0 acetic acid, dried under vacuum, and taken for direct autoradiography with Kodak XAR-5 X-ray film. 
Quantitation of bands on the X-ray film was performed using a Hoefer GS-300 scanning densitometer 
interfaced with a Spectra-Physics SP4100 recording/computer integrator. 

To verify that precusor EPSPS ( + CTP) is taken up and processed by chloroplasts. the total translation 
products containing [^^S] methionine-labeled pre-EPSPS were Incubated with freshly isolated, intact 
chloroplasts from L sativa . The pre-EPSPS ( + CTP) was rapidly translocated Into chloroplasts and cleaved to 
the mature EPSPS of Mroc48 kDa. The NaDodS04-PAGE autoradiograph revealed the disappearance of the 
precursor EPSPS from the incubation medium, and the subsequent appearance of a lower molecular weight, 
mature form in the chloroplast fraction. Some of the mature EPSPS was also present in the Incubation medium 
at 1^ minutes due to chloroplast lysis. Post-uptake treatment of the incubation, mixture with trypsin and 
chymotrypsin showed that the pre-EPSPS in the incubation medium was completely degraded, whereas the 
mature EPSPS in the chloroplast fraction was fully protected. These results indicate that EPSPS was 
translocated across the chloroplast envelope into a protease inaccessible space. Furthermore, subfraction- 
ation of the reisolated chloroplasts Indicated that the mature EPSPS was localized in the stromal, as opposed 
to thylakofd, fraction. Based on nucleotide sequence, the predicted molecular weight for the mature P. hybrida 
EPSPS is 47.790 daltons. The Mroc48 kDa polypeptide localized In the reisolated chloroplast fraction 
co-migrated during NaDodS04-PAGE with the purified mature EPSPS of P. hybrida . 

In order to show that the CTP is required for uptake, the mature enzyme (lacking the CTP) is isolated from 
the chloroplast stroma after an initial 15 minute uptake experiment. A mixture of s*romal proteins (containing 
the labeled mature enzyme) was diluted with unlabeled reticulocyte lysate and used in a second uptake 
experiment with Intact chloroplasts. The mature EPSPS (lacking the CTP) was not translocated into 
chtoroplasts, or bound to the outer-envelope membrane, during a 15 minute incubation. As a control 
experiment, we found that the rate of uptake of pre-EPSPS Into chloroplasts was unaffected by the addition of 
stromal proteins to the incubation mixture. From these data it is concluded that the CTP of EPSPS is required ^ 
for uptake of the enzyme into chloroplasts. 

EXAMPLE 19: CTP of Petunia EPSPS Facilitates Chloroplast Uptake of Heterologous Protein 

The following EPSPS experiments show that the CTP can target a heterologous protein to the stroma 
compartment. The 72-amino-acid transit peptide of EPSPS was fused to the mature ssRUBISCO from wheat. ^. 
The mature wheat ssRUBISCO cDNA (Broglie et al 1983) was obtained as an Sphl/PstI fragment of -0.6 kb. 
This Sphl/PstI fragment contains the entire mature wheat ssRUBISCO coding region of 128 amino acids 
(beginning at the N-Terminal methionine) and 200 bp of the 3* untranslated region. The mature ssRUBISCO 
cONA fragment was fused behind the P. hybrida EPSPS CTP cDNA fragment. This fusion was done by joining 
an EcoRI/SphI fragment of pMON6242 with the wheat ssRUBISCO cDNA. The construct pMON6242 is a 
derivative of pMON6140 and contains P. hybrida EPSPS with an engineered consensus cleavage site for 
ssRUBISCO. The cleavage site of pMON6140 EPSPS (ser-val-ala-thr-ala-gln/lys) was changed* to 
gly-gly-arg-val-ser-cys/met in pMON6242. This change introduces an in-frame SphI site which allows CTP 
switching between ssRUBISCO and EPSPS. The construct pMON6242 has previously been cloned into 
pGEM-2 and shown to give a chimeric precursor enzyme which is transported into chloroplasts in vitro and 
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15 



oroteolvtically processed in the correct fashion. ssRUBlSCO and cloned 

The EcoRll^phl fragment from PMON6242 was fused to th^^^^^^^^^^ gave a single polypeptide 

into plasmid p.B. to give pMON6149. ^^^^^^^^^^'^^^^clropSss, import assays in >2«I2 shewed 

rrhn^prrwaTt;t:::rdr^^^^ 

^Ti^S^sr that rhfE^?;s^Sr«ne c^^ers su«icient information to target a heterologous 
protein to the chloroplast stroma. 
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Claims 



1. A cloning or expression vector comprising a gene which encodes a 5-enolpyruvylshikimale-3-phos- 
phate synthase (EPSPS) polypeptide under the control of a suitable promoter, said polypeptide 
comprising a chloroplast transit peptide which permits the polypeptide, upon expression In a plant cell, to 
be Imported into a chloroplast of the cell; said polypeptide rendering the plant cell resistant to glyphosate. 

2. A cloning or expression vector of Claim 1 in which the chloroplast transit peptide is derived from an 
EPSPS gene contained in a plant chromosome. 

3. A cloning or expression vector of Claim 1 which encodes a plant EPSPS polypeptide. 

4. A cloning or expression vector of Claim 1 in which the chloroplast transit peptide has substantially 
the sequence shown in Figure 3. 

5. A cloning or expression vector of Claim I in which the promoter is heterologous with respect to the 
EPSPS polypeptide, said promoter causing greater expression In plant cells than the endogenous EPSPS 

promoter. . . ^ . , 

6. A cloning or expression vector of Claim 5 in which the heterologous promoter is derived from the 

genome of a virus, . ^ . ^ ^ 

7. A cloning or expression vector of Claim 6 in which the heterologous promoter is derived from a 

cauliflower mosaic virus (CaMV). ^^^ii oco 

8. A cloning or expression vector of Claim 7 in which the heterologous promoter is the CAMV 35S 
prpmoter. 

9. A plant transformation vector which comprises 

a) an EPSPS gene which encodes an EPSPS polypeptide under the control of a suitable promoter, 
said polypeptide comprising a chloroplast transit peptide which permits the polypeptide, upon 
expression in a plant cell, to be imported Into a chloroplast of the cell, said polypeptide rendering the 
plant cell resistant to glyphosate; and 

b) at least one T-DNA border. 

10. A plant transformation vector of Claim 9 in which the EPSPS gene comprises a CaMV 35S promoter 
and an EPSPS polypeptide coding sequence derived from a plant EPSPS gene. 

11 . A plant transformation vector of Claim 1 0 contained in a culture of cells having ATCC number 5321 3. 

12. A chimeric gene which comprises: 

a) a coding sequence which encodes an EPSPS polypeptide, said polypeptide comprising a 
chloroplast transit peptide which permits the polypeptide, upon expression in a plant cell, to be 
imported into a chloroplast of the cell, iaid polypeptide rendering the plant cell resistant to 
glyphosate; and 

b) a promoter sequence which is heterologous with respect to the coding sequence. 

13. A chimeric gene of Claim 12 in which the chloroplast transit peptide has substantially the sequence 
shown in Figure 3, 

14. A chimeric gene of Claim 13 in which the promoter sequence is derived from the genome of a virus. 

15. A chimeric gene of Claim 14 in which the promoter sequence is derived from cauliflower mosaic virus 
(CaMV). 

16. A chimeric gene of Claim 15 in which the promoter is the CaMV 35S promoter. 

17. A plant cell which has been transformed by a plant transformation vector of Claim 9. 

18. A plant cell of Claim 17 in which the plant transformation vector contains an EPSPS gene comprising 
a CaMV 35S promoter and an EPSPS polypeptide coding sequence from a plant EPSPS gene. 

19. A plant cell of Claim 18 which is resistant to about 0.5mM glyphosate and herbicidal salts thereof. 

20. A plant cell which expresses a chimeric gene of Claim 12. 

21 . A plant cell of Claim 20 which is resistant to about O.SmM glyphosate and hertDicidal salts thereof. 

22. A method of producing glyphosate resistant plants which comprises: 

a) transforming plant cells by inserting into the genome of a plant cell a chimeric gene of Claim 12; 
and 

b) Regenerating glyphosate resistant plants from said transformed plant cells. 

23. A glyphosate-resistant tomato plant. 

24. A gtyphosate-resistant tobacco plant. 

25. A glyphosate-resistant oil seed rape. 

26. A gtyphosaten-esistant flax plant. 

27. A glyphosate-resistant soybean plant. 

28. A glyphosate-resistant sunflower plant. 

29. A glyphosate-resistant sugar beet plant. 

30. A glyphosate-resistant alfalfa plant. 

31. A method for isolating EPSPS genes which comprises hybridizing the EPSPS gene from a first plant 
species with DNA containing the EPSPS coding sequence of a second plant species or a fragment 
thereof. 
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I. SUSPENSION CULTURE OF MP4 PETUNIA CELLS 

■ " 

2. CONTACT WITH LOW LEVEL OF GLYPHOSATE 
AND CULTURE SURVIVING CELL S 



3. SLOWLY INCREASE LEVEL OF CLYPHOSATE. ISOLATE 
HIGHLY RESISTANT (G^) CELL S. MP4 -6 
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8. USE PROBES TO ISOLATE A CLONING VECTOR 
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9.0ETERMINE SEQUENCE OF EPSPS GENE. IDENTIFY 
CLEAVAGE SITES THAT ALLOW PROMOTER TO BE 
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10. REPLACE EPSPS PROMOTER WITH STRONGER CoMV 35S 
PROMOTER. TO CREATE CH IMERIC GENE 
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11. INSERT CHIMERIC GENE INTO DISARMED Ti VECTOR. 
USE VECTOR TO INSERT THE GENE INTO PLANT CELLS 
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DNA AND Amino Acid Sequence 

OF THE CHLOROPLAST TRANSIT 

Peptide (CTP) of the 
Petunia EPSPS Gene 



1 (UATTCCCTCAATCmACTnCAAGAATGCCACAAATTAACAACATCGCTCAAGGGATA 80 
* MetAUClnlleAsnAsnlietAlaClnGlylle 

61 CAAACCOTAATCWAATTCCAAmCCATAAACCCCAAGTTCCTAAATCTICAAGTnT 120 
ClBThrLeuA»nProABnSerABnPheHiBLyBProCli»V»lProLy»SerSerSerPh* 

121 CTTGTIimGATCIAAAAAACTGAAAAAITCAGCAAATTCTATCTIGGTTTTGAAAAAA 180 
UuV»lPheGlySerLyBLysLeuLyBAsnSerAl»A8iiSerMetiettValLeiiLy8LyB 

181 CATTCAATTmATGCAAAAGTTTTGTTCCTrTAGGATTTCAGCATCAGTGGCTACAGCA 240 
AspSerllePhelletGliiLyBPheCyBSerPheArRlleSerAlBSerValAlaThrAlfc 

241 CAG 
Gla 
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Defective images within this document are accurate representations of the original 
documents submitted by the appHcant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 
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